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Abstract 
Using the concept of weak measurements in classical optics, we introduce a new polarimetry tool that 
is capable of amplifying and quantifying extremely small sample polarization anisotropy effects, 
namely, linear and circular diattenuation and retardance. The approach is founded on interferometric 
realization of weak value of polarization observable and is experimentally obtained by near 
destructive interference of polarized light in a Mach-Zehnder interferometer in the presence of a weak 
polarization anisotropy effect. Real and imaginary weak value amplification of a given sample 
anisotropy effect manifests in different Stokes vector elements at the exit port of the interferometer, 
which follow orthogonal trajectories in the Poincare sphere.  Remarkably, the weak value polarimeter 
enhances the sensitivity of quantification of a small sample anisotropy effect exactly by the large 
weak value amplification factor using traditional Stokes vector measurements. This opens up a new 
paradigm in the domain of polarimetry by extending the measurement limit far beyond conventional 
polarimeters. 
 
Introduction 
Optical polarimetry has played vital roles in understanding and developing various advanced 
concepts of electromagnetic waves [1], discovering a number of intricate and intriguing spin optical 
effects [2], uncovering molecular structure, organization and the nature of chemical bonds [3,4], 
quantifying chiral properties of proteins and other biological molecules [5,6], probing anisotropic 
organization and order of crystalline nanomaterials and other complex materials [7], developing 
polarization-based optical methods for biomedical imaging, remote sensing, meteorology, astronomy 
and providing a variety of non-destructive evaluation methods [5,8-11]. Polarimetry techniques probe 
anisotropic polarizability of matter through the difference in refractive indices (RI) between 
orthogonal polarization states (for both linear and circular polarizations) that leads to the so-called 
birefringence (retardance) and dichroism (diattenuation) effects [9, 12-14]. Once accurately 
quantified, the polarization anisotropy parameters provide a wealth of interesting sample properties 
of potential importance. These polarization properties are traditionally quantified through multiple 
measurements of Stokes vector elements of sample-emerging light by cycling the input polarization 
state to selected polarizations [12, 13]. A more encompassing approach involves exhaustive 
measurement of the 44 Mueller matrix that contains complete information on the polarizing transfer 
function of any material medium [9, 14]. Despite their extensive use, these conventional polarimetry 
techniques are compromised when one needs to measure extremely small polarization effect, which 
is desirable for certain practical applications, e.g., for the detection of physiological glucose 
concentration in human tissue, for the quantification of extremely small circular dichroism of 
proteins, for the determination of weak magneto-optical rotation in nanomaterials and so on [9, 15]. 
Stokes vector or Mueller matrix measurements employing polarization modulation and synchronous 
detection schemes have been developed to overcome some of the related problems [9]. However, 
these measurement approaches are cumbersome and often require tedious calibration. Here, we 
introduce a simple non-modulation based novel polarimetry method based on the concept of optical 
weak measurement that is capable of quantifying extremely small sample polarization anisotropy 
effect going far beyond the limit of traditional polarimeters.  
In recent times, weak measurements and weak value amplification (WVA) have proven to be 
useful in numerous optical experiments, in amplifying tiny spin optical effects, in high precision 
measurements of phase shift, frequency shift, temporal shift, ultra-small rotation, beam deflection etc. 
[16-24]. In these conventional pre-post selected optical weak measurements, Gaussian laser modes, 
temporal pulse, spectral line shapes etc. are used as pointer which are weakly coupled to the system 
through a weak optical effect that is to be amplified [16-25]. Polarization and angular momentum 
degrees of freedom of light are usually employed for obtaining mutually nearly orthogonal pre and 
post selection of states, which leads to WVA of tiny optical effect, manifesting as unusually large 
deflection of the pointer [26, 27]. Note that WVA phenomenon can be interpreted as near destructive 
interference between the slightly shifted pointer profiles as a result of mutually nearly orthogonal pre-
post selections [27]. Using this simple yet profound philosophy of WVA, we present a new 
polarimetry tool, namely, weak value polarimeter that is capable of amplifying and quantifying 
extremely small sample polarization anisotropy effects.  As opposed to conventional optical weak 
measurements [16-24], here, polarization state of light is used as pointer and small polarization 
anisotropy acts as the weak interaction. We experimentally demonstrate WVA of all the sample 
polarization anisotropy effects (linear and circular diattenuation and retardance) by near destructive 
interference of a given input polarization state of light in one arm of an interferometer with slightly 
changed polarization state (due to the weak anisotropy effect) in the other arm. Real and imaginary 
WVA of a given anisotropy effect are manifested in different Stokes vector elements, which has 
fundamental quantum mechanical origin in the commutation relations of the Stokes polarization 
operators. On practical grounds, the novel ability of the weak value polarimeter to amplify and to 
dramatically enhance the sensitivity of quantification of extremely small sample polarization 
properties using simple traditional Stokes vector measurements is of general relevance to 
characterizing wide class of weakly anisotropic materials in diverse applications.   
 
Theoretical framework of weak value polarimeter  
The principle of the weak value polarimeter is based on realization of the weak value of a 
given polarization anisotropy effect through near destructive interference of polarized light in an 
interferometer in the presence of a weak polarization anisotropy effect. Near destructive interference 
in this scenario refers to destructive interference of two fields (having a phase difference π) with a 
small amplitude offset (𝜖𝑎 = 𝑡𝑎𝑛
1 1−𝑎
1+𝑎
, 𝑎 is the ratio of amplitudes of the two fields) between them 
or alternatively, interference of two fields having equal amplitude but with a phase difference of (π ±
𝜖𝑝,𝜖𝑝,is the small phase offset). The former generates a real WVA and the latter imaginary WVA. The 
𝜖𝑎 𝑝⁄  parameters are equivalent to the small overlap of near orthogonal pre-post selected states in 
conventional weak measurements. In order to demonstrate WVA of all the polarization anisotropy 
effects (linear and circular diattenuation and retardance), we define the generalized polarization 
anisotropy parameter 𝛼 in terms of the difference in RI (𝑛) between orthogonal linear or circular 
polarizations as 2𝛼 =
2𝜋
𝜆
(𝑛𝐿 𝐶⁄
𝑟 𝑖⁄ − 𝑛
𝐿′ 𝐶′⁄
𝑟 𝑖⁄ ) 𝑡. Here, 𝑡 is the path length and the superscripts (𝑟 𝑖⁄ ) 
correspond to real/imaginary parts of RI and the subscripts (𝐿 𝐶⁄ ) and (𝐿′ 𝐶′⁄ ) represent 
linear/circular polarizations and their orthogonal states, respectively. The real / imaginary parts of RI 
are associated with diattenuation /retardance effects [13].  
 
WVA of diattenuation  
Linear diattenuation 
We consider interference of +45𝑜polarized light in one path with slightly changed 
polarization state after experiencing a small linear diattenuation effect between horizontal (𝑥) and 
vertical (𝑦)polarization components in the other path. The corresponding electric field vectors are  
𝑬𝟏 =
𝑥+𝑦
√2
; 𝑬𝟐 =
𝑒𝛼𝑥+𝑒−𝛼𝑦
√𝑒2𝛼+𝑒−2𝛼
;     (1)  
The imaginary WVA of small linear diattenuation effect can be obtained by near destructive 
interference (small phase offset 𝜖𝑝from exact destructive interference) of 𝑬𝟏 and 𝑬𝟐 to yield the 
resultant field 𝑬 as 
𝑬 = (cos 𝜖𝑝 ± 𝑖 sin 𝜖𝑝) 𝑬𝟏 − (cos 𝜖𝑝 ∓ 𝑖 sin 𝜖𝑝) 𝑬𝟐                   (2) 
Using the components of the electric fields of Eq. (2), the four Stokes vector intensity elements 
(𝑆 = [𝐼 𝑄 𝑈 𝑉]𝑇) can be determined. In the so-called weak coupling limit (𝛼 → 0) [26], the circular 
(elliptical) polarization descriptor 4th Stokes vector element (
𝑉
𝐼
) can be shown to exhibit WVA with 
decreasing 𝜖𝑝as  
𝑉
𝐼
≈ ∓𝛼𝑐𝑜𝑡𝜖𝑝       (3) 
The corresponding expressions for real WVA can be obtained by destructive interference of 𝐸1 and 
𝐸2with small amplitude offset 𝜖𝑎 to yield the resultant field as 
𝑬 = (cos 𝜖𝑝 ± sin 𝜖𝑝) 𝑬𝟏 − (cos 𝜖𝑝 ∓ sin 𝜖𝑝) 𝑬𝟐  (4) 
The real WVA in this case manifests in the linear polarization descriptor Stokes vector element (
𝑄
𝐼
) 
(in the limit of small 𝜖𝑎 → 0) as 
𝑄
𝐼
≈ ∓𝛼𝑐𝑜𝑡𝜖𝑎       (5) 
Note that the upper bound of WVA in Eq. (3) and (5) are set by the fundamental limit of degree of 
polarization (≤ 1) which limits the minimum value of 𝜖𝑎 𝑝⁄ (≤ 𝛼). A pictorial representation of the 
electric field vectors and the polarization ellipse illustrating real and imaginary WVA of linear 
diattenuation effect are shown in Figure 1a. The corresponding evolutions of the Stokes vector 
polarization states show interesting trajectories in the Poincare sphere with varying 𝜖𝑎 𝑝⁄  (Fig. 1a). 
As evident, for real WVA, the polarization state evolves along the geodesic trajectory connecting the 
states of the two paths of the interferometer (the input state and the state after experiencing the weak 
anisotropy effect). For imaginary WVA on the other hand, the corresponding trajectory lies in a plane 
that is perpendicular to it. This appears to be a general rule for all the polarization anisotropy effects, 
results of which are presented subsequently.   
 
Circular diattenuation 
The WVA of small circular diattenuation effect can be formulated using the same framework as above 
taking any linear polarization state as input. The corresponding expressions for the fields 𝑬𝟏 and 𝑬𝟐 
for input horizontal (𝑥) polarization are noted in Table 1. This leads to imaginary and real WVA 
(respectively) of circular diattenuation in the Stokes vector elements as  
𝑈
𝐼
≈ 𝛼𝑐𝑜𝑡𝜖𝑝      (6a) 
𝑉𝐼
≈ 𝛼𝑐𝑜𝑡𝜖𝑎      (6b) 
The corresponding trajectories of polarization states in the Poincare sphere for varying 𝜖𝑎 𝑝⁄  are shown 
in Fig. 1b. 
 
Generalized WVA of diattenuation and retardance 
The above framework for WVA can be generalized for linear and circular retardance properties as 
summarized in Table 1. This concept can be experimentally realized using a conventional Mach-
Zehnder interferometer (Figure 1c). The choice of the input state depends upon the polarization 
anisotropy effect to be amplified (see Table 1), which can be applied in one arm of the interferometer.  
Although the above formalism of weak value polarimeter is based on simple classical EM 
theory model of polarized light, it has intriguing quantum mechanical equivalence. As evident, the 
real and the imaginary WVA of a given polarization anisotropy effect are manifested in different 
Stokes Vector elements (𝑄, 𝑈 ∨ 𝑉). The different Stokes polarization parameters therefore act as 
conjugate variables and their corresponding quantum operators must satisfy commutation relations 
and the respective variances are accordingly restricted by uncertainty relations [28, 29].    
 
Experimental realization of weak value polarimeter  
Experimental methods 
The 632.8 nm line of a He-Ne laser is passed through a rotatable polarizer P1 (GTH10M-A, 
Thorlabs, USA) to make it linearly polarized at a desired angle and is then used to seed the 
interferometric weak value polarimetry system (Fig. 1c). The small polarization anisotropy effect is 
introduced in one arm using standard polarization optical elements (listed in Table 1). The light beams 
in the two arms with slightly different polarization states are then made to interfere at the exit port 
and the resulting fringes are imaged into a CCD camera (Micro Publisher 3.3, Qimaging, 2048 × 1536 
square pixels, pixel dimension 3.45 μm). The spatially resolved Stokes vector elements across the 
interference fringe are measured using a combination of quarter waveplate QWP (WPMQ05M-633, 
Thorlabs, USA) and a linear polarizer P2. For the quantification of the imaginary WVA of a given 
anisotropy effect, the intensities of light in the two arms are kept equal and the recorded spatial 
variation of the relevant Stokes vector element (Table 1) around the position of the intensity minima 
or the destructive interference point is used to generate its variation as a function of the small phase 
offset parameter 𝜖𝑝. In order to quantify the real WVA on the other hand, the relative intensities (or 
amplitude ratio a) of light in the two arms are varied using a variable neutral density filter ND (NDL-
25C-2, Thorlabs, USA). The variation of the relevant Stokes vector element corresponding to the 
spatial position of the destructive interference is then generated as a function of the small amplitude 
offset parameter 𝜖𝑎 (or a) by combining multiple measurements.  
Results and discussions 
First, we illustrate the concept of WVA through simulation of the interference experiment 
taking linear retardance as the representative small polarization anisotropy effect. Figure 2 presents 
simulation results for the interference of +45𝑜polarized Gaussian light beam in one arm of a Mach-
Zehnder interferometer with the beam having a slightly changed polarization state in the other arm 
due to a small linear retardance (𝛼 = 0.017𝑟𝑎𝑑) effect. The experimental parameters are comparable 
to our experimental system (Fig. 1c). The  
𝑄
𝐼
 Stokes polarization parameter exhibits prominent 
enhancement at close vicinity of the intensity minima of the fringe corresponding to destructive 
interference position (Fig. 2a). Accordingly, the 
𝑄
𝐼
  parameter is observed to vary as (∝ 𝛼𝑐𝑜𝑡𝜖𝑝)with 
the small phase offset parameter 𝜖𝑝 (Fig. 2b), as a manifestation of imaginary WVA of small linear 
retardance 𝛼 (see Table 1). The corresponding real WVA of 𝛼 is manifested in the 
𝑉
𝐼
Stokes parameter 
(Fig. 2c and Fig. 2d). The 
𝑉
𝐼
 parameter increases rapidly with decreasing amplitude offset parameter 
𝜖𝑎 (shown for three different 𝜖𝑎in Fig. 2c) and scales as (∝ 𝛼𝑐𝑜𝑡𝜖𝑎)  (Fig. 2d) implying real WVA 
of linear retardance 𝛼. 
The corresponding experimental results for the imaginary and real WVA of small linear (𝑥 -
𝑦) diattenuation effect (𝛼 = 0.017) are summarized in Figure 3. Note that the role of the Stokes 
parameters in the imaginary and the real WVA of linear diattenuation effect are reversed as compared 
to linear retardance effect. Accordingly, the experimentally measured 
𝑉
𝐼
 polarization parameter is 
observed to vary rapidly around the spatial position of the intensity minima and approaches its 
maximum value near the destructive interference point (Fig. 3b). The variation of 
𝑉
𝐼
  with the 𝜖𝑝 
parameter (Fig. 3c) shows very good agreement with the corresponding imaginary WVA prediction 
of Eq. 3 (∝ 𝛼𝑐𝑜𝑡𝜖𝑝). Similarly, the experimentally measured variation of the  
𝑄
𝐼
  Stokes parameter 
also scales as (∝ 𝛼𝑐𝑜𝑡𝜖𝑎) with varying 𝜖𝑎 parameter (Fig. 3d) as predicted by Eq. 5 for real WVA. 
However, the quantitative agreement with the theoretical prediction seems to be slightly less accurate 
for the real WVA as compared to the imaginary counterpart. This arises because while the imaginary 
WVA results (Fig. 3c) are extracted from a single spatial map 
𝑉
𝐼
, the real WVA results (Fig. 3d) are 
derived from multiple measurements of  
𝑄
𝐼
 for varying intensity ratios at the two arms, making the 
latter more prone to experimental errors. Never-the-less, these results demonstrate faithful imaginary 
and real WVA of small linear diattenuation effect.  Figure 4 provides experimental demonstration of 
WVA of small circular diattenuation effect (𝛼 = 0.012).  As expected, imaginary WVA is manifested 
here as rapid increase of the  
𝑈
𝐼
  Stokes parameter with decreasing phase offset 𝜖𝑝 (Fig. 4a) and shows 
excellent agreement with the corresponding prediction (∝ 𝛼𝑐𝑜𝑡𝜖𝑝, Eq. 6a). Real WVA of circular 
diattenuation (Fig. 4b) is manifested as (∝ 𝛼𝑐𝑜𝑡𝜖𝑎) scaling of the 
𝑉
𝐼
 Stokes parameter as predicted 
by Eq. 6b. Experiments were also performed for imaginary and real WVA of small optical rotation 
effect using the specifics of the input state and the polarization optical element noted in Table 1. The 
results confirmed faithful imaginary and real WVA of small optical rotation 𝛼, which were reflected 
in (∝ 𝛼𝑐𝑜𝑡𝜖𝑝 𝑎⁄ ) scaling of the 
𝑉
𝐼
 and 
𝑈
𝑄
 Stokes polarization parameters, respectively (not shown here) 
[30].  
 The results presented above provide conclusive demonstration of real and imaginary WVA of 
all the polarization anisotropy effects. Note that the experimental WVA curves and their weak value 
fit for a given anisotropy effect serves the purpose to calibrate for an arbitrary scaling factor (which 
is observed to vary between ~ 0.9 – 2.0) of our experimental weak value polarimeter. This enables 
accurate quantification of small polarization anisotropy effect 𝛼 of an unknown sample from the 
measured real and imaginary WVA of the respective Stokes parameters with knowledge of the 
𝜖𝑎 𝑝 ⁄ parameters in the interferometer. This was further validated by performing experimental 
measurements for varying 𝛼 for all the effects. Note that in conventional polarimeters, the maximum 
achievable sensitivity of quantification of a polarization anisotropy parameter (magnitude 𝛼) is 
typically of the order or lower than the sensitivity of determination of individual Stokes vector or 
Mueller matrix elements [9, 14]. The most remarkable feature of this weak value polarimeter is that 
it can accurately quantify the magnitude 𝛼 that is smaller by a large weak value amplification factor 
(𝑐𝑜𝑡𝜖𝑎 𝑝⁄ ~
1
𝜖𝑎 𝑝⁄
, where 𝜖𝑎 𝑝⁄ ≪ 1) than the corresponding sensitivity of determination of the 
respective Stokes vector elements. This provides the weak value polarimeter the unprecedented 
ability to amplify and quantify extremely small sample polarization effect by performing simple non-
modulation-based dc measurements of the Stokes vector elements, thereby extending the 
measurement limit far beyond conventional polarimeters. 
 
Conclusions 
We have introduced a new polarimetry concept, namely weak value polarimeter that uses 
interferometric realization of WVA of polarization observable to achieve unprecedented sensitivity in 
determination of extremely small sample polarization anisotropy effect. WVA of all the sample 
anisotropy effects are experimentally demonstrated using a Mach-Zehnder interferometric 
configuration. Real and imaginary WVA of a given sample anisotropy effect manifest themselves in 
different Stokes vector elements, which evolve in orthogonal trajectories in the Poincare sphere. This 
manifestation of WVA of polarization has an intriguing quantum mechanical equivalence in the 
commutation relations of the Stokes polarization operators.  From a practical point of view, the weak 
value polarimeter extends the measurement sensitivity of traditional polarimeters, which is of general 
relevance for the quantification of extremely small sample anisotropy properties of wide range of 
materials in diverse applications. Finally, the weak value polarimeter is breaking new ground in 
polarization measurements and its extension to the other established domains of polarimetry like in 
spectroscopic and imaging polarimetry remains to be explored. We are currently expanding our 
investigations in these directions by integrating interferometric spectroscopy and imaging and 
microscopy methods [31-33] in the framework of weak value polarimeter.   
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Figure Captions 
 
 
Figure 1: Illustration of the concept of weak value polarimeter. Weak value amplifications of (a) 
linear diattenuation and (b) circular diattenuation. (a) A pictorial representation of the electric field 
vectors and polarization ellipse undergoing imaginary (top left panel) and real (bottom left panel) 
WVA of linear diattenuation. Top left panel: The electric fields corresponding to the +45𝑜polarized 
light in path 1 (red solid line), after experiencing a small linear diattenuation effect in path 2 (violet 
dotted line) and the resultant field after near destructive interference with small phase offset 𝜖𝑝(blue 
dashed line). The enhancement of ellipticity as a manifestation of imaginary WVA is also displayed. 
Bottom left panel: The corresponding electric fields for real WVA.  The resultant field after near 
destructive interference with small amplitude offset 𝜖𝑎is shown by green dashed line. The change in 
the orientation angle of the electric field as a manifestation of real WVA is also displayed. The 
evolutions of the Stokes vectors in the Poincare sphere for real (green line) and imaginary (blue line) 
WVA of linear diattenuation are shown in the right panel. (b) The evolutions of the Stokes vectors 
in the Poincare sphere for real (green line) and imaginary (blue line) WVA of circular diattenuation 
effect. (c) Schematic of the Mach-Zehnder interferometric arrangement of weak value polarimeter. 
(P1,P2): polarizers, (BS1, BS2): beam splitters, (M1,M2): mirrors, QWP: quarter waveplate. The 
weak anisotropy is introduced in path2 using an appropriate polarization optical element.  
 
 
 
Figure 2: Real and imaginary WVA of linear retardance effect. Simulation of the weak value 
polarimeter interference experiment (corresponding to set-up Fig. 1c) with small linear retardance as 
the weak polarization anisotropy effect (𝛼 = 0.017𝑟𝑎𝑑). (a) Typical fringe profile from the 
interference of +45𝑜polarized Gaussian light beam (beam width = 1𝑚𝑚) in one arm of a Mach-
Zehnder interferometer with the beam having a slightly changed polarization state in the other arm. 
The intensity profile (left axis, black line) and the spatial variation of 
𝑄
𝐼
 Stokes polarization parameter 
(right axis, red line) along 𝑥-axis of the fringe. Here, colour bar represents magnitude of intensity. 
The 
𝑄
𝐼
  parameter exhibits prominent enhancement around the destructive interference region as a 
manifestation of imaginary WVA. (b) The corresponding results for real WVA. The intensity profile 
(left axis, black solid line) and spatial variations of the 
𝑉
𝐼
 Stokes parameter (right axis, blue solid line) 
are shown for three different amplitude offsets 𝜖𝑎 = 0.010, 0.050, 0.145. (c) The variation of 
𝑄
𝐼
 as a 
function of the small phase offset 𝜖𝑝 (red circles) and theoretical fit to imaginary WVA (∼ 𝛼𝑐𝑜𝑡𝜖𝑝) 
(red line). The region where the WVA approximation breaks down (𝜖p ≤ 𝛼) is marked in the figure. 
(d) The variation of 
𝑉
𝐼
  as a function of 𝜖𝑎 (blue solid circles) and the corresponding real WVA fit (∼
𝛼𝑐𝑜𝑡𝜖𝑎, blue line).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Experimental demonstration of real and imaginary WVA of linear diattenuation effect.   
Weak linear (𝑥 -𝑦) diattenuation (𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝛼 = 0.017) is introduced by placing a linear polarizer 
at an angle 44° w.r.to the horizontal axis in one arm of the interferometer (Fig. 1c). (a) Typical 
recorded fringe profile shown around the destructive interference point. (b) The intensity profile (left 
axis, black solid line) and spatial variation of 
𝑉
𝐼
 Stokes parameter (right axis, red solid line) along the 
white dashed line marked in (a). Rapid variation of  
𝑉
𝐼
  around the position of intensity minima 
(destructive interference) is a manifestation of imaginary WVA.  (c) The variation of 
𝑉
𝐼
 as a function 
of phase offset 𝜖𝑝 (black solid circles) and theoretical fit to imaginary WVA (𝛼𝑐𝑜𝑡𝜖𝑝) (red line). (d) 
The variation of 
𝑄
𝐼
  as a function of 𝜖𝑎 (black solid circles) and the corresponding real WVA fit 
(𝛼𝑐𝑜𝑡𝜖𝑎, blue line). 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Experimental demonstration of real and imaginary WVA of circular diattenuation effect. 
Weak circular diattenuation (𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝛼 = 0.012) is introduced in one arm of the interferometer. 
(a) The variation of 
𝑈
𝐼
 Stokes parameter as a function of phase offset 𝜖𝑝 (circles) and corresponding 
theoretical fit to imaginary WVA (𝛼𝑐𝑜𝑡𝜖𝑝) (red line). (b) The variation of 
𝑉
𝐼
  as a function of 𝜖𝑎 (black 
circles) and the corresponding real WVA fit (𝛼𝑐𝑜𝑡𝜖𝑎, blue line). Excellent agreement with the 
predictions of WVA demonstrates faithful imaginary and real WVA of circular diattenuation effect.  
  
  
 
 
Table I: Real and imaginary WVA of all the polarization anisotropy effects.  The four different 
polarization anisotropy effects (1st column), the corresponding input electric field and the electric 
field after experiencing a small anisotropy effect (2nd column), the Stokes vector elements carrying 
signature of real and imaginary WVA of respective anisotropy effects (3rd column). The polarization 
optical components used realize the WVA of respective anisotropy effects are listed in the 4th column.  
Anisotropy 
effects 
Electric fields 
WVA bearing Stokes 
vector elements 
Polarization optical 
component for 
experimental 
realization 
𝐸1 
and input 
polarization 
𝐸2 
Real 
WVA 
Imaginary 
WVA 
Linear 
diattenuation 
(𝑥 -𝑦) 
(𝑥 + 𝑦)
√2
 
+45𝑜 linear 
𝑒𝛼𝑥 + 𝑒−𝛼𝑦
√𝑒2𝛼 + 𝑒−2𝛼
 
𝑄
𝐼
 
𝑉
𝐼
 
Linear polarizer 
oriented at a small 
angle from the +45° 
orientation 
Circular 
diattenuation 
𝑥 =
(𝑟 + ?^?)
√2
 
Horizontal linear 
𝑒𝛼𝑟 + 𝑒−𝛼 ?^?
√𝑒2𝛼 + 𝑒−2𝛼
 
𝑉
𝐼
 
𝑈
𝐼
 
Quarter waveplate 
with its optic axis 
oriented at a small 
angle with respect to 
the horizontal 
polarization 
Linear 
retardance 
(𝑥 + 𝑦)
√2
 
+45𝑜 linear 
(𝑒−𝑖𝛼𝑥 + 𝑒𝑖𝛼𝑦)
√2
 
𝑉
𝐼
 
𝑄
𝐼
 
Liquid crystal 
variable retarder 
with small 
retardance 
Optical 
rotation 
𝑥 =
(𝑟 + ?^?)
√2
 
Horizontal linear 
𝑐𝑜𝑠𝛼𝑥 + 𝑠𝑖𝑛𝛼𝑦 
𝑈
𝑄
 
𝑉
𝐼
 
Half waveplate 
oriented at small 
angle with respect to 
the horizontal 
polarization 
